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[57] ABSTRACT 
Radiation of'speci?c material within a subject is accom~ 
plishedby use of a beam of x-radiation modulated at a 
microwave frequency. The beam with its modulation is 
directed at the subject wherein the material interacts 
with the beam to extract a portion of the radiant energy 
carried by the beam. In the interaction, an electric ?eld 
at the modulating frequency appears at the material. By 
selecting the modulated frequency equal to a resonant 
interactive microwave frequency ofthe material, a pho 
ton at the microwave frequency is absorbed by the 
material to alter its physical and chemical properties. By 
way of example, the material may be an oncogene or 

~ virus having a macromolecule and constituting a malig 
nancy within a living subject. Absorption of the modu 
lated radiation selectively destroys the malignancy. The 
klystron is disposed along the path of an electron beam 
in an x-ray source for modulating the electron beam and 
the resulting x-ray beam. An array of x-ray sources and 
detectors is arranged symmetrically about a site of the 
subject. Sequential activation of the x-ray sources along 
with a scanning of the microwave modulating fre 
quency permits measurement of absorption of radiant 
energy at the various modulation frequencies. This in 
formation is used to select the appropriate modulation 
frequency. 

14 Claims, 3 Drawing Sheets 
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MICROWAVE FREQUENCY MODULATION OF 
X-RAY BEAM FOR RADIO THERAPY 

TREATMENT SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to the application of x-radiation' 
to a subject and, more particularly, to a modulation of 
an x-ray beam with a microwave signal to produce in 
the subject radiation at a microwave frequency to be 1 
absorbed by pathological material including macromol 
ecules, such as oncogenes, for treatment of malignancy. 
Microwave radiation and x-rays have each been em 

ployed in medical procedures for destroying malignant 
material, particularly body tissue afflicted with various 
forms of cancer. Energy of the radiation is absorbed by 
the material with a resultant change in the physical and 
the chemical properties of the material, this resulting in 
a termination of the malignancy. The biological mate 
rial to be treated by the radiation may be formed of 
desoxyribonucleic acid, the genetic material of which 
the chromosomes of human cells are composed. The 
desoxyribonucleic acid consists of pairs of macromole 
cules containing a backbone of units of ?ve carbon 
atoms linked by phosphorous and oxygen atoms, each 
unit having a side chain of a purine or pyramidine base. 
Viruses and genes that cause cancer (oncogenes) consist 
of such macromolecules, and have lengths on the order 
of 4,000 or more bases, or a backbone of some 20,000 
atoms. , 

In order to understand the interaction of the micro 
wave radiation with the macromolecules, it is useful to 
consider some basic concepts in the energy levels of 
electrons of the various atoms arranged in the macro 
molecules. In accordance with electrostatic theory, the 
potential energy of an electron is inversely proportional 
to the distance of the electron from the nucleus of the 
atom, the distance de?ning an equipotential surface. 
The electric ?eld, or attractive force between the nu 
cleus and the electron, is given by the gradient of the 
potential surface and, accordingly, varies with the in 
verse square of the distance. A transfer of an electron 
from one of the allowable quantum energy levels to a 
second energy level is accomplished by the expenditure 
or absorption of an amount of energy equal to the differ 
ence of potential between the two levels. In terms of 
mathematics, apart from a proportionality constant, the 
energy values of the two levels are given by (l/a) and 
(l/b) wherein a and b are the distances between the 
nucleus and the energy level. This is a simplistic model 
assuming spherical energy levels. During a transition of 
energy state, wherein an electron moves from one po 
tential level to the other potential level, the change in 
energy is proportional to (l/a- l/b) which is equal to 
(b—a)/ab. This being equal to d/ab wherein d is the 
difference between a and b, and is understood to be very 
much smaller than either a or b. Therefore, the energy 
expended in a transition of electrons between two po 
tential levels is proportional to the distance between the 
two potential levels. The amount of energy to totally 
remove an electron from an atom is equal to the energy 
of the potential level, which, as noted above, is in 
versely proportional to the radius of the potential sur 

_ face. 

Interaction of a beam of radiation with molecules of 
material is characterized by a transfer of energy from 
the beam to an electron in an atom of a molecule. The 
energy in a photon of the beam is proportional to the 
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frequency of the radiation, the proportionality factor 
being the Plank constant. In the situation wherein the 
energy of the photon is equal to the transition energy 
required to elevate an electron from an inner energy 
level to an outer energy level, the transfer of energy 
occurs readily with extinction of the photon. In this 
situation, the frequency of the radiation has a value, 
which may be referred to as the resonant frequency, 

0 which provides the photon with the requisite energy for 
accomplishing the transition in electron energy state. 
The foregoing analysis has been based on a simplistic 

model in which each of the atoms of the molecule is 
provided with spherically shaped electron energy lev 
els. In actuality, the electron energy levels among the 
thousands of atoms in macromolecules, at least in the 
outer energy levels, are altered both in physical shape 
and in energy level. This results in numerous energy 
levels which characterize the speci?c macromolecule 
and the material composed of the macromolecules. The 
lowest energy transitions for electrons in single atoms 
result in absorption of radiation in the spectrum of visi 
ble light, this radiation having a frequency of approxi 
mately 2X10 exp (14) Hertz (Hz). The frequency of 
radiation for absorption at the lowest transition energy 
of molecular energy levels varies inversely with the size 
of the molecule. A molecule of 20,000 atoms in length 
would be expected to absorb radiation at a frequency of 
approximately l/20,000 that of light, namely, a fre 
quency of 10 exp (10) Hz, this being in the microwave 

' range and having a wavelength of three centimeters. 
A problem exists with presently available equipment 

and methodology for the administration of microwave 
radiation to subject matter, for removing a malignancy 
by way of example, in that the microwave radiation has 
minimal penetration. X-ray. on the other hand, is trans 
mitted throughout the subject relatively non-selec 
tively, rather than being directed to speci?c regions of 
interest. The speci?c regions embedded within the sub 
ject require the radiation therapy while the remaining 
portion of the subject does not require such therapy. 
While it may be possible to illuminate the subject from 
different directions so as to concentrate the dosage at 
limited absorption, the speci?c regions, relatively large 
doses are required‘ because of limited absorption, and a 
signi?cant amount of radiation is absorbed by the re 
mainder of the subject. This reduces the radiation avail 
able for the speci?c regions, and may interfere with the 
functioning of the remaining portion of the subject. 

SUMMARY OF THE INVENTION 

The aforementioned problem is overcome and other 
advantages are provided by an apparatus and methodol 
ogy of the invention which provides for the generation 
of the radiation by use of an x-ray beam modulated in 
amplitude at a microwave frequency. The x-ray beam 
readily penetrates biological subject matter, such as a 
persons head, to deliver radiant energy to a speci?c site. 
such as the site of a tumor. The material of the tumor 
interacts with the x-ray beam to detect a portion of the 
energy of the beam. Such a detection process is a non 
linear process which regenerates the microwave signal 
at the site of the tumor. The regenerated signal is an 
electromagnetic microwave signal having photon en 
ergy suitable for interaction with the electrons of the 
macromolecules of the tumor, thereby to destroy the 
tumor. 
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It is an object of the invention to modulate an x-ray 
beam at a frequency suitable for the application of a 
microwave signal at a speci?c site or sites within a 
subject. It is a further object of the invention to scan the 
subject to determine which microwave frequency or 
frequencies would be bene?cial. ' 
The invention can be practiced by use of a computer 

ized-tomographic (CT) scanner, also referred to as a 
CAT (computer aided or axial tomography) scanner, in 
which individual ones of the x—ray sources are modi?ed 
to include a device for modulating the beam. Prefera 
bly, the modulation alters the amplitude of the x-ray 
beam, such as by turning the beam on and off. In a 
preferred embodiment of the invention, the modulating 
device comprises a klystron disposed about the path of 
the electron beam which illuminates the target of the 
source to generate the x-ray beam. By energizing the 
klystron with a microwave signal, intense electric ?elds 
are developed within cavities of the klystron, the in 
tense electric ?elds tending to bunch the electrons to 
gether in a sequence of electron pulses which illuminate 
the target at a repetition frequency equal to the fre 
quency of the microwave signal. The actual pulses may 
have a waveform which can be characterized as sinusoi 
dal or square depending on the nature of the bunching 
of the electrons; however, the basic fundamental fre 
quency component of the train of electron pulses is 
equal to the frequency of the microwave signal. The 
resulting x-ray beam appears as a train of pulses of x 
radiation at the same frequency as the microwave mod 
ulation frequency. The microwave frequency is selected 
to equal the resonant frequency for interaction with the 
selected material of the subject. 

In order to scan the subject to determine the value of 
the resonant frequency or resonant frequencies, the 
frequency of the microwave modulating signal is var 
ied, or swept, by a series of small steps during the dura 
tion of the x-ray beam to provide a swept-frequency 
modulation of the beam. The CT scanner includes de 
tectors which output signals signifying the intensity of 
x-radiation which propagates through the subject to 
impinge upon the detector. As is well known in the use 
of CT scanners, the variations of intensity, as signi?ed 
by an array of detectors, are employed by computerized 
focusing programs to produce a synthetic image of the 
subject. The image is based on data obtained from 
beams propagating through the subject at differing an 
gles of orientation. 

In accordance with the invention, the data outputted 
by the detectors is examined as a function of time to 
note reductions in the intensity of a received beam of 
x-radiation. A reduction in intensity signifies the absorp 
tion of energy of the beam by photon interaction with 
the subject. Since the modulating frequency is being 
swept at a predetermined rate, the time of occurrence of 
an absorption of radiation is indicative of the value of 
the modulating frequency which produces the absorp 
tion. By addressing a memory in synchronism with the 
stepwise sweeping of the modulation frequency, the 
‘memory records the value or values of resonant fre 
quency at which interaction occurs. An operator of the 
CT scanner then employs this information to select the 
microwave modulating frequency at a proper value for 
radiating the subject. 

BRIEF DESCRIPTION OF THE DRAWING 

The aforementioned aspects and other features of the 
invention are explained in the following description, 
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taken in connection with the accompanying drawing 
wherein: 

FIG. 1 is a diagrammatic view ofa CT scanner modi 
?ed for the practice of the invention; 

FIG. 2 is,a diagrammatic view of an x-ray source 
employed in FIG. 1, the apparatus of FIG. 2 providing 
for modulation of an x-ray beam; 
FIG. 3 shows electrical circuitry of a controller of 

FIG. 1 employed in practicing the invention; 
FIG. 4 is a timing diagram showing, in stylized form, 

an x-ray beam in unmodulated form and in modulated 
form; . 

FIG. 5 is a spectral diagram showing frequency com— 
ponents of a square wave modulating signal and of the 
modulated x-ray beam; and 
FIG. 6 is a flow chart showing a process of practicing 

the invention. 

DETAILED DESCRIPTION 

FIG. 1 shows a radiating system 20 including a CT 
scanner 22 which has been modi?ed, as will be de 
scribed below, to enable practice of the invention. The 
scanner 22 includes a plurality of x-ray sources 24. of 
which three are shown by way of example, and a plural 
ity of x-ray detectors 26, of which three are shown by 
way ofexample. The sources 24 and the detectors 26 are 
held in their respective positions by a frame 28 which 
encircles a subject 30 which is typically a living crea 
ture such as a human being or an animal. The sources 24 
and the detectors 26 are positioned symmetrically about 
the subject 30, and are connected electrically to a con 
troller 32 which includes circuitry for the practice of 
the invention as will be described below. In particular. 
it is noted that each of the sources 24 is connected by 
two electric lines to the controller 32. a ?rst of the lines 
34 providing an electric signal which activates the 
source 24, and a second of the electric lines 36 provid 
ing an electric signal which modulates the x‘ray beam at 
a predetermined modulation frequency. The detectors 
26 are connected by electric lines 38 to the controller 32 
for inputting data about detected radiation to the con 
troller 32. 
FIG. 2 shows details in the construction of one of the 

sources 24, as well as components of the controller 32, 
and an interconnection between the controller 32 and 
one ofthe detectors 26. All ofthe sources 24 function in 
the same manner, and all of the detectors 26 function in 
the same manner. The x-ray source 24 comprises a tar 

' get 40 rotated by a motor 42, and a collimator 44. The 
50 

55 

60 

collimator is positioned along a path of x-rays emanat 
ing from the target 40 for de?ning an x-ray beam 46 
directed towards the subject 30. The source 24 further 
comprises an electron gun 48 which includes a ?lament 
50 and an electrode assembly 52. The ?lament 50 is used 
to emit electrons which are accelerated by electric po 
tentials on the electrode assembly 52 and the target 40 
relative to the ?lament 50, the accelerated electrons 
forming a beam 54. Electrons of the beam 54 strike the 
target 40 to generate the x-rays, the process of genera 
tion of the x-rays being well-known. A battery 56 con 
nected between the target 40 and the ?lament 50 sym 
bolically illustrates electric potential in the range of 
thousands of volts applied between the target 40 and the 
?laments 50. Electric potential for the electrode assem 
bly 52 is provided from a bias voltage source 58 within 
the controller 32, the voltage of the source 58 being 
coupled to the electrode assembly 52 via a switch 60 

. also located within the controller 32. 
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In accordance with a feature of the invention, the 
x-ray source 24 further comprises a klystron 62 of 
which two cavities 64 and 66 are shown in longitudinal 
sectional view, the cavity 64 being located between the 
cavity 66 and the electrode assembly 52. The central 
axis of the klystron 62 coincides with an axis of the 
electron beam 54. The beam 54 passes through an aper 
ture 68 in an end wall 70 of the cavity 64, a tubular 
region 72 interconnecting the cavities 64 and 66, and an 
aperture 74 in an end wall 76 of the cavity 66. A probe 
78 in the form of a loop is located in the cavity 64 for 
receiving inputted microwave power. Microwave 
power is provided by way of a microwave signal gener 
ated within a microwave source 80 located within the 
controller 32, the microwave signal being coupled from 
the source 80 to the probe 78 via a switch 82 also lo 
cated within the controller 32. 

Also included within the controller 32 is a computer 
84, a frequency selector 86, an analog-to-digital con 
verter 88 and a switch 90. Signals from a detector 26 are 
coupled by the switch 90 to the converter 88, the con 
verter 88 converting the analog signals of the detector 
to digitally formatted signals to be inputted to the com~ 
puter 84. 
FIG. 3 shows further details in the interconnection of 

the controller 32 with the detectors 26, and with the 
klystron 62 and the electron gun 48 in respective ones of 
the x-ray sources 24. FIG. 3 also shows further details in 
the construction of the controller 32, including compo 
nents of the frequency selector 86. The controller 32 
includes a display 92 upon which the computer 84 out 
puts a synthesized image of the subject 30 when the 
scanner 22 is operating in a normal computerized tomo 
graphic mode of x-ray imaging. Included within the 
computer 84 are a clock 94 and a memory 96 which are 
employed both in normal computerized tomographic 
imaging and in the use of the CT scanner 22 for operat 
ing with modulated x-ray beams. In the case of normal 
CT imaging, the memory 96 stores x-ray data obtained 
from the detectors 26, as well as a program for combin 
ing the data to produced the synthesized image. 
The frequency selector 86 comprises a counter 98, a 

preset element 100, a digital-to-analog converter 102, a 
memory 104, and an indicator 106. The frequency selec 
tor 86 is operative in either of two modes, namely, a 
frequency sweeping mode and a preset frequency mode 
for the modulation of the x-ray beam. 

In the operation of the frequency selector 86 in the 
frequency sweeping mode, the computer 84 transmits 
clock pulses from the clock 94 to the counter 98. The 
counter 98 proceeds to count up, and applies the output 
count to the converter 102 for converting the count into 
an analog voltage proportional to the value of the 
count. As the count increases linearly in time, the ana 
log voltage outputted by the converter 102 increases 
stepwise in the form of a stepwise ramp 108, indicated in 
a graph appended alongside the converter 102. In the 
graph portraying the ramp 108, the vertical axis repre 
sents volts, and the horizontal axis represents time. The 
stepwise ramp voltage 108 is applied by the converter 
102 to a frequency control terminal of the microwave 
source 80. By way of example in the construction of the 
microwave source 80, it is noted that the source 80 

_includes a well-known oscillator circuit (not shown) 
which may include one or more diodes having reac 
tance dependent on applied voltage. By varying the 
voltage at the input frequency control terminal, the 
frequency of oscillation is varied so that the input volt 
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age effectively controls the oscillation frequency of the 
source 80. 

During application of the stepwise ramp voltage 108 
to the microwave source 80, the duration of each step of 
the voltage waveform is sufficiently long to allow the 
klystron 62 of a source 24 to attain equilibrium at the 
commanded frequency, and to allow sufficient time for 
one of the detectors 26 to detect radiation and transmit 
data to the computer 84. The output count of the 
counter 98 is also applied as an address to the memory 
104 to enable the memory 104 to store data received by 
a detector 26 with respect to the absorption of radiant 
energy of the modulated x-ray beam by macromole 
cules. For this purpose, the frequency selector 86 fur 
ther comprises a gate 110, a comparator 112, and a 
source 114 of reference voltage. 
During the frequency sweeping mode, signals output 

ted by a detector 26 in response to incident radiation are 
coupled via the switch 90 to the converter 88 to be 
outputted as a digital signal representing the intensity of 
the incident radiation. The comparator 112 compares 
the output signal voltage of the converter 88 with a 
reference voltage of the source 114 to determine that 
the signal represents a significant absorption of radiant 
energy by macromolecules. In the event that absorption 
is indicated, the comparator 112 opens the gate 110 to 
allow the signal to pass from the converter 88 into the 
memory 104. Thereby, the memory 104 stores signi? 
cant signals at an address corresponding to the step of 
the voltage ramp 108 and corresponding to the value of 

' modulation frequency for which significant absorption 
of radiant energy has been observed. Values of x-ray 
beam intensity of each value of resonant frequency at 
which absorption has been observed are outputted by 
the memory 104 to the indicator 106 for presentation to 
personnel operating the radiating system 20. Thereby, 
during the swept frequency mode of operation, the 
frequency selector 86 provides for a succession of test 
values of frequency of the microwave modulation, and 
presents a record of those frequencies for which there 
has been absorption of radiant energy by macromole 
cules. 

After selection of a suitable resonant frequency, there 
follows operation of the frequency selector 86 in the 
preset frequency mode wherein the modulation of the 
x-ray beam is accomplished at a single predetermined 
frequency. In the preset frequency mode, the computer 
84 discontinues the application of the clock pulses from 
the clock 94 to the counter 98, and the counter 98 is 
preset manually, by operating personnel, to the count 
representing a desired resonant frequency. The preset 
ting is accomplished by use of the preset element 100 
which may be any one of a number of well-known 
digital input devices, such as a keyboard or set of 
wheels by which a digital number is manually inputted. 
Thus, the counter 98 outputs a ?xed count designating 
the single resonant frequency for which modulation of 
the x-ray beam is desired. By modulation of the x~ray 
beam at the fixed resonant frequency, energy is trans 
ferred from the beam to specific macromolecules. such 
as the macromolecules ofa tumor, in the subject 30 for 
destruction of the tumor. 
FIG. 4 shows a set of two graphs, each representing 

intensity of the x-ray beam 46 (FIG. 2) as a function of 
time. The upper graph shows the beam in the absence of 
the microwave modulation. The lower graph shows the 
effect of the microwave modulation in producing a 
succession of pulses of the x-radiation. It is to be under 
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stood that these graphs are stylized by showing a square 
wave of approximately 50% duty cycle in the pulse 
train of the xsradiation. The actual duty cycle, and the 
shape of the pulses is dependent on characteristics of the 
x-ray source 24, and may vary somewhat from the ideal-' 
ized presentation shown in FIG. 4. 
FIG. 5 shows the corresponding frequency spectrum. 

Towards the left side of the spectrum, this being the 
lower frequency or base band spectrum, the graph 
shows the spectral lines of a square wave pulse-train 
having a repetition frequency equal to the modulation _ 
frequency. Three frequency components 116A, 116B, 
and 116C are shown, these components occurring at 
odd harmonics of the fundamental frequency 116A. To 
the right side of the graph is shown the spectrum of the 
x radiation modulated by the square wave, the x-radia 
tion serving as a carrier for the modulation. The spec 
tral line of the x-radiation is indicated at 118. At both 
the upper and the lower frequency sides of the spectral 
line 118 are sets of spectral lines corresponding to the 
modulation frequency components 116A-C. Thus, the 
effect of the modulation is to shift the modulation spec 
trum to the frequency band of the x-radiation. There 
fore, the spectral components of the modulation propa 
gate through material of the subject 30 in the same 
fashion as does the spectral line 118 of the x-radiation. 
However, upon an interaction of the x-radiation with 
matter containing macromolecules which have a reso 
nant interaction frequency equal to that of the spectral 
line 116A, a nonlinear interaction takes place in which 
there is detection of at least a portion of the power of 
the x-ray beam, much in the manner in which a radar 
signal is detected by a diode detector in a radar re 
ceiver. As is well known in the operation of a radar 
receiver, upon detection of a radar signal, there is re 
covery of the modulation signal from the carrier. In the 
same fashion, herein in the case of the macromolecules, 
the microwave signal is recovered at the macromole 
cules with the result that the electromagnetic ?eld of 
the microwave signal is impressed upon the macromole 
cules. This is particularly noticeable when the modula 
tion frequency is equal to the resonant interaction fre 
quency of the macromolecules, in which case there is a 
transfer of photon energy from the microwave signal to 
an electron of the macromolecules. This results in ab 
sorption of the x-ray, so modulated, which so alters the 
properties of the macromolecules, that in the case of a 
tumor, oncogene, virus or other malignancy, the malig 
nancy is destroyed without damage to surrounding 
tissue. 
With respect to the operation of the scanner 22 in a 

normal computerized tomographic mode, this is accom 
plished by turning off the microwave source 80 to ter 
minate the modulation. Thereupon, the computer 84, by 
operation of the switches 60 and 90, successively acti 
vates the electron guns 48 of successive ones of the 
x-ray sources 24 (FIG. 1), and provides for coupling-of 
the corresponding sequence of detectors 26 via the 
converter 88 to the memory 96 (FIG. 3). Thus, images 
are generated for each of a succession of directions of 
x-ray beam, which images are combined by the com 
puter 84 to provide the synthesized image of subject 
matter lying in the plane of the frame 28. Each of the 
detectors 26 may be constructed in well-known fashion 
wherein an array of scintillation crystals are employed 
to produce imaging data. 
To provide for the swept frequency mode, the fore 

going procedure is altered by activating the microwave 

30 

35 

40 

45 

50 

55 

60 

65 

8 
source 80 and by operating the switch 82 in conjunction 
with the switch 60. In addition, as described herein 
above, pulses from the clock 94 are transmitted to the 
counter 98. Thus, during each orientation of an x-ray 
beam provided by the successive sources 24 of the scan 
ner 22 (FIG. 1_), data of the absorption spectrum is at 
tained. Output line 120 of the computer 84, which line 
provides a beam selection signal for controlling the 
switches 60, 82, and 90, is also applied as a portion of the 
address to the memory 104 to correlate absorption spec 
trum data with the respective orientations of the x-ray 
beam. This data canbe input to the computer 84 operat 
ing in a normal computerized tomographic mode to 
generate a scan at each resonant frequency so as to 
determine, by visual inspection of the image, which 
frequencies are speci?cally and selectively absorbed by 
the targer (tumor) and no other structure. 
The procedure in the practice of the invention is 

shown in the flow chart of the FIG. 6. The procedure 
begins with a modulation of the x-ray beam with the 
microwave signal. The beam is directed upon the sub 
ject and the microwave modulating signal is swept in 
frequency. The radiation propagating from the x-ray 
source and through the subject is detected. This is fol 
lowed by a recording of the frequencies at which ab 
sorption of radiant energy occurs. After this informa 
tion has been obtained, the x-ray beam is modulated at a 
speci?c frequency for which absorption has been noted. 
Then, the beam while modulated at the specific absorp 
tion, or resonant, frequency is directed at the subject for 
radiating the subject. Photon energy is transferred to 
macromolecules within the subject for destruction of 
the macromolecules. Where the macromolecules repre 
sent a malignancy, the procedure of the invention de 
stroys the malignancy without damaging neighboring 
tissue. 
The invention allows one to determine when absorp 

tion is occurring, and by which structures, such as on 
cogene, tumor, or virus, without having to destroy 
empirically tissue by trial and error. The CT scanner 22 
detects the absorption of a standard low radiation level. 
as employed in a diagnostic x-ray beam, at any point 
inside the body of the subject 30. The total dosage of 
radiation is divided among various viewing angles. By 
following this procedure over the spectrum of frequen 
cies of possible absorption via oncogenes, at those fre 
quencies which are absorbed by the genetic material 
unique to the tumor or malignancy, that tumor material 
and only that tumor material will appear as absorbent 
on the scan. 

The spectrum of microwave frequencies, as noted 
above, can be impressed on the x-ray beam as each of a 
plurality of angles during the course of a single scan by 
systematically varying the modulation frequency. The 
klystron 62 operates at the modulation frequency. Since 
absorption occurs in 10 exp (l- 10) seconds, an x-ray 
beam which has a frequency of 10 exp (17) Hz can 
accommodate l0 exp (7) different microwave frequen 
cies of modulation. Thus, each of the approximately 
1,000 human genes could be tested for unique absorp 
tion at up to 10,000 frequencies. As explained above 
with reference to the frequency selector 86 of FIG. 3, 
during the generation of the frequency scan, the con 
verter 88 is operated by the clock 94 to sample a detec 
tor output at speci?c increments of delay after initiation 
of the scan. The time delay is counted out by the 
counter 98 in correspondence with the values of fre 
quency so that each absorbing structure. such as a tu 
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mor, is sensed by a detector 26 when the resonant fre 
quency is selected. 
Although only a small portion of the energy of the 

x~ray beam is utilized at any given modulating fre 
quency, this is sufficient to produce the same amount of 
absorbed energy as occurs in an ordinary CAT scan. In 
an ordinary plane skull x-ray series (which contains the 
same amount of radiation to which the patient is ex 
posed in a CT scan), approximately 3% of the x-ray 
beam is absorbed in total, of which the brain absorbs 
1%, namely 3 X 10 exp (—4). If one were to assume that 
this fraction of beam energy would be absorbed by a 
single column of cells, the number of cells in the column 
would be equal to the cube root of the number of cells 
in the roughly spherical human brain, 10 exp (10) cells, 
the cube root being approximately 3,000 cells. 
Upon comparison of the absorption of radiation, in 

the case of the invention with the case of a standard 
spectrophotometer wherein each unit of material ab 
sorbs the same fraction of the beam energy, in the case 
of the invention, the entire beam energy is absorbed by 
a single cell in the column of cells. Thus, in order to 
absorb the same amount of radiation as an ordinary CT 
scan (and thus in an ordinary skull x-ray), a single cell of 
the column of cells would have to absorb l/ 3000 of the 
foregoing fraction (3X10 exp (—4)) of the beam en 
ergy, this giving a fraction of 10 exp (-7) of the beam 
energy. During the swept frequency mode of operation, 
the duty cycle of the modulation, namely the percent 
age of time which the modulation is at a speci?c fre 
quency of the stepwise ramp, limits the exposure of 
tissue to the foregoing fraction of the energy of the 
beam at each frequency of modulation of the x-ray 
beam. 

Therefore, even though each resonant cell absorbs 
the entire available beam energy at that frequency, it 
absorbs no more than it would from an ordinary plain 
?lm type of x-ray imaging, yet the cell absorbs 3,000 
times as much as the neighboring cells, and 100 times as 
much as does the bone of the skull. Therefore, the prac 
tice of the invention allows safe but effective detection 
by the CT scanner. 
Once the unique frequency of absorption of the mod 

ulated x-ray beam has been determined, as noted above, 
selective destruction of undesirable structures such as 
oncogenes, viruses, or other macromolecular nucleic 
acid configurations can be accomplished by scanning 
the patient a second time. At the second time, the kly 
stron is tuned to the unique resonant frequency of the 
absorption throughout the duration of the x-ray beam. 
In this way, the duty cycle during absorption is in 
creased at a factor of approximately 10 exp (9), assum 
ing an interval of ‘10 exp (—9) seconds for pulse dura 
tion including leading and trailing edges of the pulse 
during the swept frequency mode. 
Even if every cell of one of the approximately ten cell 

types in the brain were malignant, the increased dosage 
of radiations specific to to the cells, wherein each cell 
absorbs the radiant energy, would be sufficient to elimi 
nate or deimmortalize all of the cells. In practice, a 
tumor becomes symptomatic at a cell volume of approx 
imately 10 exp (5) cells, so that the effective dosage 
delivered to such a tumor would be 10 exp (4) rads per 
cell. In comparison, the total radiation dose on a CAT 
scan is on the order of one rad. The foregoing dosage of 
10 exp (4) rads per cell is the curative maximum dosage 
used in radio therapy. There is a significant difference in 
that in the present case, the dosage delivered to the 
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other nonmalignant cells (which do not absorb signifi 
cant energy at the resonant frequency of the malignant 
cells) is still only one additional rad for the second scan. 
However, the lethal tumor dose of 5,000 rads represents 
a total, each cell only absorbing 10 exp (-—5) of this 
total, approximately 01 rad. In the case of neoplastic 
cells, a somewhat greater multiple of the same order of 
magnitude is obtained. With the technique of the inven 
tion, the dosage can be multiplied by a factor of 10 exp 
(5). Even if repair is allowed for, which may underlie 
the principle of fractionation of the 5,000 rads into 200 
rad dosage to minimize radiation damage to other tis 
sues, the net lethal effect on target tissue of the inven 
tive technique is greater than 100 times that of conven 
tional radiotherapy. This is 10,000 times actual dose to 
target tissue, In contrast, radiation exposure of nontar 
geted tissue is 3,000 times less than a diagnostic x-ray 
series. Also, with respect to the foregoing fractionation 
of the 5,000 rads into 200 rad doses, it is noted that 
selective absorption of malignant tissue is relatively 
minimal in conventional radiotherapy compared to the 
results obtained by the practice of the invention. 
With the procedure of the invention. the dose can 

also be fractioned by reducing the duty cycle if 100 
times the lethal tumor dose is not required, depending 
on the clinical situation, such as the size of the tumor. 
Higher doses can be achieved also if desired by repeat 
ing the scan at full duty cycle, each repetition doubling 
the dose to the malignancy with negligible additional 
radiation to healthy tissue. Also, in accordance with the 
foregoing practice of the invention. once the unique 
frequency of resonant absorption is determined using 
the CT scanner, use of the klystron or other modulating 
device can be accomplished with the x-ray source of the 
scanner or other conventional x-ray equipment. 
whether a simple diagnostic x-ray tube or radio therapy 
equipment, in order to modulate its beam so as to 
achieve a more rapid treatment session than can be 
accomplished with a CAT scanner that has not been 
modi?ed to include the apparatus of the invention. 

It should be noted that, unlike other techniques 
which selectively target tissue in a spatial manner by 
limiting radiation to a small area at the site of a tumor, 
the method and apparatus of the invention is highly 
selective against undesirable tissue, is not limited in 
space, and can destroy those malignant cells outside the 
main tumor bulk which are responsible for recurrence, 
failed surgery, and matastesis. It would appear that the 
practice of the invention can be used in a total body 
fashion to cure metastatic malignancy because of the 
high selectivity and consequent high safety factor and 
effectiveness. 

Furthermore, since the detection process is empirical, 
determining which frequency is uniquely absorbed by 
the malignancy, the detection process does-not depend 
on'the .cause or causes of cancer. As long as there is an 
abnormal genetic con?guration unique to the tumor, 
even if there be an inactivated or abnormally absent 
gene, the change in that length of the DNA molecule 
comprising the chromosome should result in a unique 
pattern of absorption with consequent destruction of 
the tumor by the radiation. 
With respect to the use of the radiation equipment of 

the CT scanner, including the klystron as a microwave 
modulator, both of these devices have established safety 
and effectiveness. Guidelines for use have been estab 
lished including shielding requirements. Use of the in 
vention does not change the penetrating characteristics 
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of the x-radiation, so that the Operating characteristics 
would still pertain, in particular with regard to shield 
ing. Both the penetrating characteristics and the amount 
of shielding are well established. Thus, the invention 
provides enhanced effectiveness at no cost to safety. 

It is to be understood that the above described em 
bodiment of the invention is illustrative only, and that 
modi?cations thereof may occur to those skilled in the 
art. Accordingly, this invention is not to be regarded as 
limited to the embodiment disclosed herein, but is to be 
limited only as de?ned by the appended claims. 
What is claimed is: 
1. A radio therapy treatment system for radiating a 

subject comprising: 
means for generating an x~ray beam; and amplitude 

modulation means operative with said generating 
means for providing amplitude modulation of the 
x-ray beam at a predetermined microwave fre 
quency. 

2. A system according to claim 1 further comprising 
selecting means including means operatively coupled to 
said modulation means for selecting a value of micro 
wave modulation frequency equal to a resonant interac 
tive frequency of material within the subject for absorp 
tion of radiant energy from the beam by the material. 

3. A system according to claim 2 wherein said select 
ing means includes means for scanning the frequency of 
modulation, the system further comprising: 
means for detecting radiation propagating through 

the subject, the detecting means signaling absorp 
tion and presence of radiant energy; and 

means coupled to said detecting means for recording 
a frequency at which radiant energy is absorbed. 

4. A system according to claim 3 wherein said x-ray 
generating means comprises: 

a target and an electron gun for generating a beam of 
electrons impinging on said target; and 

a klystron disposed along a path of travel of the elec 
trons for modulating an electric ?eld of said gun, 
the modulating of the electric ?eld producing a 
bunching of electrons resulting in amplitude modu 
lation of the x-ray beam. 

5. A system according to claim 4 further comprising: 
additional ones of said x-ray generating means, said 

?rst-mentioned generating means and said addi 
tional generating means constituting a plurality of 
generating means; 

additional ones of said detecting means, said ?rst 
mentioned detecting means and said additional 
detecting means constituting a plurality of detect 
ing means; and 

wherein said plurality of generating means and said 
plurality of detecting means are distributed sym 
metrically about a site of the subject, the system 
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further comprising means for sequentially activat 
ing said generating means. 

6. A system according to claim 1 wherein said modu 
lation of the x-ray beam provides a train of pulses of 
x-radiation. 

7. A method of radio therapy treatment by radiating 
a subject with radiant energy at a resonant frequency 
for interaction with selected material of the subject 
comprising steps of: 

' amplitude modulating an x-ray beam with an ampli 
tude modulating signal at a predetermined micro 
wave frequency; 

directing said beam upon the subject; 
sweeping the modulating microwave frequency; 
detecting radiant energy of said beam after passing of 

said beam through the subject; 
determining a microwave frequency at which absorp 

tion of radiant energy of said beam occurs in the 
subject; 

amplitude modulating said beam at a microwave fre 
quency at which absorption occurs; and 

radiating the subject with the beam, the beam being 
modulated at the absorption microwave frequency. 

8. A method of radio therapy treatment by selective 
irradiation of pathological material in situ, comprising 
the steps of: 

amplitude modulating an x-ray beam with an ampli 
tude modulating signal, the modulating signal 
being at the microwave frequency of selective 
absorption of radiant energy by the selected patho 
logical material; and 

irradiating the pathological material with the modu 
lated beam, whereby the selected pathological 
material absorbs the radiant energy of the beam. 

9. The method of claim 8, pathological material con 
sists of malignant cells or part thereof. 

10. The method of claim 8, wherein the selected path 
ological material consists of viruses or part thereof. 

11. The method of claim 8, wherein the selected path 
ological material consists of macromolecules. 

12. The method of claim 8, and further comprising 
the step of positionally directing the beam to a speci?c 
region of the pathological material. 

13. The method of claim 8, further comprising the 
steps of: 

modulating the x-ray beam with said modulating 
signal; 

directing said beam upon the pathological material; 
sweeping the modulating frequency; 
detecting radiant energy of said beam after passing of 

said beam through the selected pathological mate 
rial; and 

using the detected frequency to modulate the beam 
for said irradiating step. 

14. The method of claim 13, wherein said modulating 
signal is within the microwave range of frequencies. 

* ‘I ‘K * * 


